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(54) PROCESS FOR PRODUCING SOI WAFER AND SOI WAFER

(57) Ion injection is performed to a single crystal sil-
icon wafer to form an ion injection layer, the ion injection
surface of the single crystal silicon wafer and/or the sur-
face of the transparent insulation substrate are/is proc-
essed using plasma and/or ozone, the ion injection sur-
face of the single crystal silicon wafer and the surface of
the transparent insulation substrate are bonded to each
other, by bringing them into close contact with each other
at room temperature, with the ion injection surface and
the surface as bonding surfaces, an SOI wafer is obtained
by mechanically peeling the single crystal silicon wafer
by giving an impact to the ion injection layer, to form an
SOI layer on the transparent insulation substrate, and
thermal processing for flattening the SOI layer surface is
performed to the SOI wafer, under an atmosphere of an
inert gas, a hydrogen gas, and a mixture gas of them.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a manufactur-
ing method of an SOI wafer and to an SOI wafer. Partic-
ularly, the present invention relates to a manufacturing
method of an SOI wafer in which an SOI layer is formed
on a transparent insulation substrate, and to the SOI wa-
fer. The present application relates to Japanese Patent
Applications No. 2004-380591 filed on December 28,
2004 and No. 2005-374889 filed on December 27, 2005,
the contents of which are incorporated herein by refer-
ence, if applicable.

BACKGROUND ART

[0002] An SOI wafer including an SOI (silicon on insu-
lator) structure in which a silicon single crystal layer is
formed on an insulator is suited for fabricating a semi-
conductor integrated circuit of a high density, and is ex-
pected to be applied to optical devices such as "TFT-
LCD" (thin film transistor - liquid crystal display).
[0003] An SOI wafer in which an SOI layer is formed
on a transparent silica substrate is used as such an op-
tical device, for example. In this case, the substrate is a
complete insulator, and so does not affect the mobility of
the carrier within the SOI layer. Consequently, the mo-
bility of the carrier in the SOI layer will be extremely high,
thereby yielding a noticeable effect particularly when driv-
en in high frequency. In addition, in such an SOI wafer,
a driving circuit can be formed in an integral manner in
the periphery of the TFT region, which enables high den-
sity mounting.
[0004] In such an SOI wafer for use as an optical de-
vice, the thickness of the SOI layer should be as thin as
about 0.5Pm, for example. Accordingly, the bonding
strength between the silica substrate and the SOI layer
should be sufficiently strong and firm to endure grinding,
polishing for making the SOI layer to be as thin as the
level of the stated thickness, and to withstand the thermal
and mechanical stresses exercised onto the SOI layer in
manufacturing the device. To enhance the bonding
strength, it has been required to perform thermal
processing under a high temperature.
[0005] However, the thermal expansion coefficient dif-
fers between a silica substrate and an SOI layer. This
occasionally causes stress due to thermal deformation
during the thermal processing for bonding, during the
cooling processing after the bonding, or during the grind-
ing or polishing processing, thereby causing the silica
substrate or the SOI layer to crack, or to break due to
flaking. Such a problem is not confined to a case where
the insulation transparent substrate is made of silica, and
may equally happen when bonding a single crystal silicon
wafer to a substrate having a different thermal expansion
coefficient.
[0006] So as to solve the mentioned problem, a tech-

nology has been disclosed for alleviating the effect of
thermal stress incident to thermal processing, by per-
forming a thermal bonding processing process and a thin
film process alternately and step by step, in an SOI wafer
manufacturing method adopting a hydrogen ion injection
peeling method (e.g. Patent Document No. 1).
Patent Document No. 1: Japanese Patent Application
Publication No. 11-145438

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] Regarding a manufacturing method of an SOI
wafer in which an SOI layer is formed on a transparent
insulation substrate, the present invention aims to pro-
vide a manufacturing method of an SOI wafer and to pro-
vide an SOI wafer, by which thermal deformation, flaking,
cracking, or the like attributable to the difference in ther-
mal expansion coefficient between a transparent insula-
tion substrate and an SOI layer is prevented with a simple
process, and the resulting SOI layer has a highly even
film thickness.

MEANS FOR SOLVING THE PROBLEMS

[0008] So as to achieve the above objectives, as a first
embodiment of the present invention, provided is a man-
ufacturing method for manufacturing an SOI wafer by
bonding a single crystal silicon wafer to a transparent
insulation substrate, and thereafter making the single
crystal silicon wafer to be thinned to form an SOI layer
on the transparent insulation substrate, the manufactur-
ing method at least including: a step of forming an ion
injection layer within the single crystal silicon wafer, by
injecting at least one of a hydrogen ion and a rare gas
ion from a surface of the single crystal silicon wafer; a
step of processing the ion injection surface of the single
crystal silicon wafer and/or a surface of the transparent
insulation substrate using plasma and/or ozone; a step
of bonding the ion injection surface of the single crystal
silicon wafer to a surface of the transparent insulation
substrate, by bringing them into close contact with each
other in a room temperature, with the processed surface
(s) as bonding surface(s); a step of obtaining an SOI wa-
fer, by mechanically peeling the single crystal silicon wa-
fer by giving an impact to the ion injection layer, to form
an SOI layer on the transparent insulation substrate; and
a step of performing thermal processing for flattening a
surface of the SOI layer, to the resulting SOI wafer, under
an atmosphere of an inert gas, a hydrogen gas, or a mix-
ture gas of the inert gas and the hydrogen gas.
[0009] By processing the ion injection surface of the
single crystal silicon wafer and/or the surface of the trans-
parent insulation substrate using plasma and/or ozone,
an OH group will be increased and activated on the in-
jection surface of the wafer and/or a surface of the sub-
strate. If the single crystal silicon wafer and the transpar-
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ent insulation substrate, under such a state, are brought
into close contact with each other at room temperature
to be bonded, with the processed surface(s) as the bond-
ing surface(s), the surfaces brought into close contact
will be firmly bonded by means of hydrogen bonding, to
obtain sufficiently firm bonding even without providing
high temperature thermal processing for raising the
bonding strength in later stages. In addition, since the
bonding surfaces are firmly bonded to each other in the
above way, thereafter a thin SOI layer can be formed on
the transparent insulation substrate by mechanically
peeling the single crystal silicon wafer by giving an impact
to the ion injection layer. This means that a thin film can
be obtained even without performing thermal processing
for peeling. This further indicates that an SOI wafer can
be manufactured without causing thermal deformation,
flaking, cracking, or the like attributable to the difference
in thermal expansion coefficient between the transparent
insulation substrate and the single crystal silicon wafer.
In addition, since the hydrogen ion injection peeling meth-
od is used, it is possible to manufacture an SOI wafer
whose SOI layer has a thin film thickness, a favorable
film thickness evenness, and excellent crystallization.
Furthermore, the thermal processing for flattening the
surface of the SOI layer under an atmosphere of an inert
gas, a hydrogen gas, or a mixture gas of them is per-
formed after the formation of the SOI layer. Therefore, it
is possible to remove the surface roughness caused in
the peeling step, and to remove the crystal defect or dam-
ages caused in the vicinity of the SOI layer surface due
to ion injection.
[0010] In this case, after the step of performing thermal
processing for flattening a surface of the SOI layer, it is
preferable to include: a step of forming a thermal oxide
layer on the surface of the SOI layer by performing ther-
mal oxidation to the SOI wafer to which the thermal
processing has been performed; and a step of reducing
a thickness of the SOI layer by removing the thermal
oxide layer.
In this way, by forming the thermal oxide layer on the
surface of the SOI layer by performing thermal oxidation
to the SOI wafer provided with thermal processing for
flattening the SOI layer surface, and by reducing the
same to reduce the thickness of the SOI layer, it is pos-
sible to manufacture an SOI wafer in which an SOI layer
has a thinner film thickness, a more favorable film thick-
ness evenness, and from which the surface roughness,
the crystal defect, or the damages are more sufficiently
removed.
[0011] Between the step of bonding and the step of
obtaining an SOI wafer, it is preferable to include a step
of raising a bonding strength by performing thermal
processing to the bonded wafer under a temperature of
100-300 degrees centigrade.
As in the above way, if the single crystal silicon wafer
and the transparent insulation substrate bonded to each
other are subjected to the mechanical peeling step for
giving an impact to the ion injection layer, after raising

the bonding strength by performing thermal processing
of a low temperature of 100-300 degrees centigrade
which does not cause thermal deformation, it is possible
to manufacture an SOI wafer by more assuredly prevent-
ing the generation of flaking, cracking, or the like of the
bonding surfaces attributable to the mechanical stress.
[0012] It is preferable that a temperature used in the
step of performing thermal processing for flattening a sur-
face of the SOI layer is 1100-1350 degrees centigrade
As in the above way, by setting the temperature used in
the thermal processing for flattening the SOI layer sur-
face to be equal to or greater than 1100 degrees centi-
grade, it is possible to alleviate the surface roughness in
a relatively short time. In addition, if the temperature is
equal to or smaller than 1350 degrees centigrade, an
SOI can be manufactured without causing a problem
such as heavy metal impurity contamination or unfavo-
rable endurance of the thermal processing furnace.
[0013] It is preferable that the transparent insulation
substrate is one of a silica substrate and a sapphire (alu-
mina) substrate.
As in the above way, if the transparent insulation sub-
strate is one of a silica substrate and a sapphire (alumina)
substrate, it is possible to manufacture an SOI wafer suit-
able for fabricating an optical device, since these sub-
strates have a favorable optical characteristic.
[0014] Further, it is preferable that an ion injection dose
used in the step of forming an ion injection layer is greater
than 8�1016/cm2.
As in the above way, by setting the ion injection dose to
be greater than 8�1016/cm2 in forming the ion injection
layer, the mechanical peeling becomes easy.
[0015] In addition, the present invention provides an
SOI wafer manufactured according to any of the manu-
facturing methods recited above.
As in the above way, an SOI wafer manufactured accord-
ing to any of the above-described manufacturing meth-
ods has not caused any thermal deformation, flaking,
cracking, or the like during manufacturing, as well as hav-
ing a thinner film thickness and a more favorable film
thickness evenness, having excellent crystallization, and
having an SOI layer on a transparent insulation substrate
having high carrier mobility, useful for manufacturing var-
ious devices.

EFFECT OF THE INVENTION

[0016] By adopting the manufacturing method of an
SOI wafer according to the present invention, the surfac-
es to be bonded are processed with plasma and/or ozone
prior to bonding of the single crystal silicon wafer and the
transparent insulation substrate, which increase and ac-
tivates the OH group on the surfaces. If the single crystal
silicon wafer and the transparent insulation substrate,
under such a state, are brought into close contact with
each other at room temperature to be bonded, the sur-
faces brought into close contact will be sufficiently firm
bonding even without providing high temperature thermal
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processing for raising the bonding strength in later stag-
es. In addition, since the bonding surfaces are firmly
bonded to each other in the above way, thereafter a thin
SOI layer can be formed on the transparent insulation
substrate by mechanically peeling the single crystal sili-
con wafer by giving an impact to the ion injection layer.
This means that a thin film can be obtained even without
performing thermal processing for peeling. This further
indicates that an SOI wafer can be manufactured without
causing thermal deformation, flaking, cracking, or the like
attributable to the difference in thermal expansion coef-
ficient between the transparent insulation substrate and
the single crystal silicon. Furthermore, the thermal
processing for flattening the surface of the SOI layer un-
der an atmosphere of an inert gas, a hydrogen gas, or a
mixture gas of them is performed after the formation of
the SOI layer. Therefore, it is possible to remove the sur-
face roughness caused in the peeling step. Upon neces-
sity, by thereafter forming the thermal oxide layer on the
surface of the SOI layer and by reducing the same to
reduce the thickness of the SOI layer, the SOI layer will
have a thinner film thickness, a more favorable film thick-
ness evenness, and from which the surface roughness,
the crystal defect, or the damages are more sufficiently
removed.
[0017] In addition, the SOI wafer according to the
present invention is an SOI wafer that does not cause
thermal deformation, flaking, cracking, or the like during
manufacturing, has a thinner film thickness, a more fa-
vorable evenness in film thickness, excellent crystalliza-
tion, and an SOI layer on a transparent insulation sub-
strate having high carrier mobility, useful for manufactur-
ing various devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 is a process diagram showing one exam-
ple of a manufacturing method of an SOI wafer, according
to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] As mentioned above, regarding a manufactur-
ing method of an SOI wafer in which an SOI layer is
formed on a transparent insulation substrate, so as to
prevent thermal deformation, flaking, cracking, or the like
attributable to the difference in thermal expansion coef-
ficient between a transparent insulation substrate and an
SOI layer, a technology has been already disclosed by
which the effect of the thermal stress incident to thermal
processing is alleviated by performing a thermal bonding
processing process and a thin film process alternately
and step by step, in an SOI wafer manufacturing method
adopting a hydrogen ion injection peeling method. How-
ever for the purpose of improving the productivity of the
SOI wafer, a new technology has been nevertheless de-
sired for solving the stated problem by a smaller number
of processes and in a short time.

[0020] In view of this, the inventors of the present in-
vention have conceived to enhance the bonding strength
without performing the thermal processing by preproc-
essing the surfaces to be bonded using plasma and/or
ozone processing, and to perform peeling mechanically
instead of thermal processing.
[0021] In addition, in the conventional ion injection
peeling method, mirror polishing has been conducted by
using polishing (e.g. so-called "touch polish") that re-
moves an extremely small thickness of 5-400nm, for re-
moving surface roughness called "haze" caused in the
peeling process, and for removing crystal defects or dam-
ages caused in the vicinity of the SOI layer surface in the
ion injection. However, there is a possibility of reducing
the film thickness evenness of the SOI layer by the men-
tioned polishing that includes a mechanical processing
aspect.
In view of the above, so as to prevent such reduction in
film thickness evenness of the SOI layer, the inventors
of the present invention have completed the present in-
vention, by conceiving of an idea to obtain an SOI layer
having a thinner film thickness and a more favorable film
thickness evenness and from which surface roughness,
crystal defects, or damages are sufficiently removed, by
performing thermal processing to flatten the surface of
the SOI layer in an atmosphere of an inert gas, a hydro-
gen gas, or a mixture of these gases after the formation
of the SOI layer to remove the surface roughness or the
like caused in the peeling process, and by thereafter
forming thermal oxidation on the SOI layer surface as
necessary and removing it to reduce the thickness of the
SOI layer.
As follows, some aspects of the present invention are
described by way of embodiments. The present invention
will not be limited to the following embodiments.
[0022] Fig. 1 is a process diagram showing one exam-
ple of a manufacturing method of an SOI wafer, according
to the present invention.
[0023] First, a single crystal silicon wafer and a trans-
parent insulation substrate are prepared (process A).
The single crystal silicon wafer is not particularly limited
as long as it is obtained by slicing a single crystal grown
by the Czochralski method for example, which for exam-
ple has a diameter of 100-300mm, a conductivity type of
P-type or N-type, and a resistivity of about 10Ω•cm.
The transparent insulation substrate is not also particu-
larly limited. However if either a silica substrate or a sap-
phire (alumina) substrate, both having a favorable optical
characteristic, is used as a transparent insulation sub-
strate, it is possible to manufacture an SOI wafer suitable
for fabricating an optical device.
[0024] Next, at least one of a hydrogen ion and a rare
gas ion is injected from the surface of the single crystal
silicon wafer, to form an ion injection layer in the wafer
(process B).
For example, at least one of a hydrogen ion and a rare
gas ion in a predetermined dose is injected from the sur-
face of the single crystal silicon wafer, with an injection
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energy capable of forming an ion injection layer at the
depth corresponding to a predetermined SOI layer thick-
ness (e.g. the depth of smaller than or equal to 0.5Pm),
while keeping the temperature of the single crystal silicon
wafer to 250-450 degrees centigrade. An exemplary con-
dition may be the injection energy of 20-100keV and the
injection dose of 1�1016 - 1�1017/cm2 . Here, so as to
facilitate the peeling at the ion injection layer, the ion in-
jection dose should preferably be equal to or greater than
8�1016/cm2. In addition, if the ion injection is performed
through an insulation film such as a thin silicon oxide
layer formed in advance on a surface of the single crystal
silicon wafer, an advantage of restraining channeling of
the injected ion will be obtained.
[0025] Next, the ion injection surface of this single crys-
tal silicon wafer and/or the surface of the transparent in-
sulation substrate are/is processed with plasma and/or
ozone (process C).
In adopting plasma processing, a single crystal silicon
wafer and/or a transparent insulation substrate, to which
cleansing such as RCA cleansing has been performed,
are/is placed in a vacuum chamber, and a gas for plasma
processing (hereinafter simply "plasma gas") is intro-
duced. Then the single crystal silicon wafer and/or the
transparent insulation substrate are/is subjected to high
frequency plasma of about 100W for about 5-10 seconds,
to perform plasma processing to the surface thereof. In
processing a single crystal silicon wafer, for oxidizing the
surface thereof, the plasma gas may be plasma of an
oxygen gas. For not oxidizing the surface of a single crys-
tal silicon wafer, the plasma gas may be a hydrogen gas,
an argon gas, a mixture gas of them, or a mixture gas of
a hydrogen gas and a helium gas. Any gas is usable for
processing of a transparent insulation substrate.
[0026] In adopting ozone processing, a single crystal
silicon wafer and/or a transparent insulation substrate,
to which cleansing such as RCA cleansing has been per-
formed, are/is placed in a chamber to which atmospheric
air is introduced, and a plasma gas such as a nitrogen
gas, an argon gas, or the like is introduced. Then the
surfaces are treated with ozone processing by generating
high frequency plasma to convert the oxygen in the at-
mospheric air into ozone. Here, it is possible to perform
any one of plasma processing and ozone processing, or
it is also possible to perform both of plasma processing
and ozone processing.
[0027] By processing with plasma and/or ozone, the
organic substances on the surface of the single crystal
silicon wafer and/or the transparent insulation substrate
are oxidized to be removed, and instead the OH group
on the surface is increased and activated. The surface
to be processed may be a bonding surface. For a single
crystal silicon wafer, the surface to be processed is an
ion injection surface. The processing is desirably per-
formed to both of a single crystal silicon wafer and a trans-
parent insulation substrate. However the processing may
be performed to only one of the single crystal silicon wafer
and the transparent insulation substrate.

[0028] Then, the ion injection surface of the single crys-
tal silicon wafer and the surface of the transparent insu-
lation substrate, to which plasma processing and/or
ozone processing are/is provided, are brought into close
contact with each other at room temperature to be bond-
ed, with the ion injection surface and the surface as the
bonding surfaces (process D).
In the process C, at least one of the ion injection surface
of the single crystal silicon wafer and the surface of the
transparent insulation substrate is processed by plasma
processing and/or ozone processing. Consequently, the
respective surfaces of the single crystal silicon wafer and
of the transparent insulation substrate are able to be
bonded to each other firmly, with a strength that can en-
dure the mechanical peeling in the later processes, by
simply bringing them into close contact to each other,
under a reduced pressure or a normal pressure, and in
a temperature of about a general room temperature, for
example. This means that thermal bonding processing
of equal to or more than 1200 degrees centigrade is not
necessary, and so it is preferable since there is no pos-
sibility of causing thermal deformation, flaking, cracking,
or the like attributable to the difference in thermal expan-
sion coefficient, which is a problem inherent in heating
processes.
[0029] After this, the bonded wafer may be subjected
to thermal processing of a low temperature of 100-300
degrees centigrade, for enhancing the bonding strength
(process E).
For example, when the transparent insulation substrate
is made of silica, the thermal expansion coefficient is
smaller than that of silicon (i.e. Si: 2.33�10-6, and silica:
0.6�10-6). Therefore if the silica transparent insulation
substrate is heated after being bonded to the silicon wafer
having about the same thickness, the silicon wafer will
break when exceeding 300 degrees centigrade. Thermal
processing of a relatively low temperature as in this proc-
ess E is desirable since it does not have a possibility of
causing thermal deformation, flaking, cracking, or the like
attributable to the difference in thermal expansion coef-
ficient. Note that in adopting a thermal processing fur-
nace (i.e. a batch processing type), a sufficient advan-
tage is obtained if the thermal processing time is about
0.5-24 hours.
[0030] Next, a single crystal silicon wafer is mechani-
cally peeled by giving an impact to the ion injection layer,
to form an SOI layer on the transparent insulation sub-
strate (process F).
In the hydrogen ion injection peeling method, thermal
processing is performed to the bonded wafer in an inert
gas atmosphere of about 500 degrees centigrade, to per-
form thermal peeling by means of a rearrangement effect
of crystal and an aggregating effect of air bubbles of in-
jected hydrogen. In contrast, the present invention per-
forms mechanical peeling by giving an impact to an ion
injection layer, and so there is no possibility of causing
thermal deformation, flaking, cracking, or the like that
would happen incident to heating.
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For giving an impact to the ion injection layer, a jet of fluid
such as gas, liquid, or the like is blown continuously or
discontinuously from the side surface of the bonded wa-
fer, for example. However, another method may be
adopted as long as the method causes mechanical peel-
ing by impact.
[0031] Next, thermal processing for flattening the sur-
face (i.e. the peeling surface) of the SOI layer is per-
formed to the SOI wafer obtained in the above manner,
under an atmosphere of an inert gas, a hydrogen gas, or
a mixture gas of them (process G).
Accordingly, it is possible to remove the surface rough-
ness caused by the peeling process, or the crystal defect
or the damages caused by the ion injection in the vicinity
of the SOI layer surface.
Note that it is preferable to perform the thermal process-
ing for flattening the surface of the SOI layer under the
temperature of 1100-1350 degrees centigrade. By per-
forming the thermal processing under the temperature
of equal to or above 1100 degrees centigrade, the surface
roughness can be alleviated in a relatively short time. If
the temperature is equal to or smaller than 1350 degrees
centigrade, a problem such as heavy metal impurity con-
tamination or unfavorable endurance of the thermal
processing furnace will not be caused in the thermal
processing. Note that the film thickness of the SOI layer
is already sufficiently thin, there is no fear of causing ther-
mal deformation, flaking, cracking, or the like, even if the
thermal processing of such a high temperature is per-
formed.
[0032] In performing thermal processing using a ther-
mal processing furnace of a normal heater type (i.e. a
batch type), an adequate thermal processing time may
be in the range of 10 minutes to 8 hours, so as to achieve
a sufficient thermal processing effect while not reducing
the productivity, although it may be true that the thermal
processing time may depend on the temperature under
which the thermal processing is performed. In contrast,
when performing the thermal processing using an RTA
(rapid thermal annealing) apparatus, it is preferable that
the thermal processing temperature is greater than or
equal to 1200 degrees centigrade and the thermal
processing time is 1-120 second(s). It is also possible to
perform both of the thermal processing of a batch furnace
type and the thermal processing using an RTA appara-
tus.
[0033] The thermal processing atmosphere may be an
atmosphere of an inert gas, a hydrogen gas, or a mixture
gas of them. However it is preferable that the hydrogen
gas content is smaller than or equal to 25%, since the
possibility of causing erosion to the bonding interface be-
comes greater and the possibility of generating the slip
dislocation due to thermal processing becomes greater,
if the ratio of the hydrogen gas is great. Furthermore from
the viewpoint of security, the hydrogen gas content
should preferably be smaller than or equal to the explo-
sive limit (i.e. 4%). As the inert gas, an argon gas that is
most advantageous in terms of cost and versatility may

be desirable, however helium or the like may also be
used.
[0034] As necessary, the surface may be slightly pol-
ished using touch polish or the like, after the thermal
processing (process G) for flattening the SOI layer sur-
face, to the extent that "removed thickness" (i.e. the thick-
ness removed from the surface by the polishing) is equal
to or smaller than 70nm, in particular equal to or smaller
than 50nm (process H).
According to the process, the long period component of
the surface roughness (e.g. the period of about 1-10Pm)
can be alleviated. The short period component (e.g. the
period of equal to or smaller than 1Pm) of the surface
roughness is sufficiently removed by the thermal
processing of the process G. However, so as to more
assuredly remove the long period component, it is pref-
erable to perform slight polishing. Once the thermal
processing is performed, the surface roughness and the
damages to the surface have already been removed by
a large degree. Therefore, the thickness to be further
removed can be largely reduced compared to conven-
tional cases. In particular, the removed thickness can be
reduced down to half or smaller. This enables to alleviate
the long period component of the surface roughness,
while restraining the adverse effect to the film thickness
evenness of the thin film.
[0035] Next, as necessary, the thermal oxidation is
performed to the SOI wafer already provided with thermal
processing, thereby forming a thermal oxide layer (so-
called "sacrifice oxide layer") on the surface of the SOI
layer (process I).
The thermal oxide layer formed on the surface of the SOI
layer in this way is able to take in the crystal defect or
the damages left unremoved even after the process G,
and it becomes possible to to cause the SOI layer to have
a thin film having a predetermined thickness without
hardly reducing the film thickness evenness. For exam-
ple, the thermal oxide layer may be formed by performing
pyrogenic oxidation under a temperature of 950 degrees
centigrade. However, the forming method of the oxide
layer is not particularly limited.
[0036] Lastly, by removing the formed thermal oxide
layer, the thickness of the SOI layer is reduced (process
J). The removal of the thermal oxide layer may be per-
formed by impregnating the wafer with an aqueous so-
lution that contains HF, for example.
As a result, the SOI wafer in which an SOI layer is formed
on a transparent insulation substrate is obtained.
[0037] The SOI wafer produced by the processes of
A-J has not caused any thermal deformation, flaking,
cracking, or the like, during manufacturing, as well as
having a thin film thickness, a favorable film thickness
evenness, excellent crystallization, and an SOI layer on
a transparent insulation substrate having high carrier mo-
bility, useful for manufacturing various devices.
In particular, the touch polish can be either omitted, or
can be restrained to a very small removed thickness.
Therefore, it is possible to obtain an SOI wafer that as-
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suredly prevents impairment in film thickness evenness
that would happen attributable to polishing that includes
a mechanical processing aspect.
Moreover, such an SOI wafer is particularly suited for
fabrication of an optical device such as a TFT-LCD, be-
cause of having an SOI layer on the transparent insula-
tion substrate.

Embodiment Example

(Embodiment Example)

[0038] A single crystal silicon wafer having a diameter
of 200mm and one surface thereof being subjected to
mirror polishing is prepared, as a wafer for forming an
SOI layer. A silicon oxide layer of 100nm is formed on
the surface of the single crystal silicon wafer by thermal
oxidization. The surface roughness (Ra) of the oxidiza-
tion layer at the surface subjected to mirror polishing (i.e.
a surface to be bonded) was 0.2nm. The measurement
was performed to the measurement region of
10Pm�10Pm using an atom force microscope.
[0039] As a transparent insulation substrate, a synthet-
ic silica wafer having a diameter of 200mm and one sur-
face thereof being subjected to mirror polishing is pre-
pared. The surface roughness (Ra) of the transparent
insulation substrate at the surface subjected to mirror
polishing (i.e. a surface to be bonded) was 0.19nm. The
apparatus and the method of measuring have the same
condition as the oxide layer of the single crystal silicon
wafer.
[0040] A hydrogen ion is selected as the ion to be in-
jected to a single crystal silicon wafer through the silicon
oxide layer of 100nm, and the ion is injected under a
condition of an injection energy of 35keV and an injection
dose of 9�1016/cm2. The injection depth of the single
crystal silicon layer was 0.3nm.
[0041] Next, the single crystal silicon wafer to which
ion has been injected is placed in a plasma processing
apparatus, and an air is introduced as a plasma gas.
Then the high frequency plasma processing is performed
for 5-10 seconds by applying a high frequency of
13.56MHz under a reduced pressure condition of 2Torr
between parallel plate electrodes having a diameter of
300mm under a high frequency power of 50W.
[0042] As for a synthetic silica wafer, the wafer is
placed in a chamber to which an atmospheric air is intro-
duced, and an argon gas is introduced as a plasma gas
in narrow space between electrodes. Then by applying
a high frequency between the electrodes to generate
plasma, the oxygen in the atmospheric air becomes ozo-
nized by the existence of the atmospheric air between
the plasma and the substrate. The surface to be bonded
is processed by means of the ozone. The processing
time was set to 5-10 seconds.
[0043] The wafers to which surface processing was
performed in the above manner were brought into close
contact at room temperature, to start bonding by strongly

pressing one end of the both wafers in the thickness di-
rection. Then after 48 hours in the room temperature, the
bonding surface was observed by human eyes. As a re-
sult, the bonding was confirmed to extend throughout the
substrate.
So as to confirm the bonding strength, one of the wafers
is fixed, and the wafer surface of the other wafer is pro-
vided with a stress in the parallel direction, in an attempt
to perform displacement in the lateral direction, however
the displacement did not occur.
[0044] Next, so as to peel the ion injection layer by
giving an impact thereto, blades of paper cutting scissors
were placed at the side surface of the bonded wafers in
a diagonal position, thereby knocking in wedges several
times. Accordingly, the peeling was caused at the ion
injection layer, thereby obtaining an SOI wafer and a re-
maining single crystal silicon wafer.
[0045] This SOI wafer was subjected to thermal
processing of 1200 degrees centigrade under the atmos-
phere of 100% argon for 60 minutes. Furthermore, pol-
ishing is performed to remove the thickness of 50nm, to
remove the long period component as well as the short
period component of the SOI layer surface roughness.
As a result, surface roughness at the same level as a
wafer provided with normal mirror polishing has been ob-
tained.
[0046] The inside-surface film thickness evenness of
this SOI layer was also measured. As a result, the film
thickness variation is restrained to equal to or smaller
than �10nm within the wafer surface, which has con-
firmed favorable film thickness evenness. Furthermore,
the crystallization of the SOI layer was evaluated by a
SECCO defect evaluation using a liquid resulting from
diluting the SECCO etching liquid according to a prede-
termined method. The confirmed defect density was
2�103 - 6�103/cm2 which is a favorable value.
[0047] The above-described embodiments do not limit
the invention. The above-described embodiments are
only illustrative, and includes a configuration substantial-
ly the same as the technical concept recited in the claims
of the invention. Any configuration that has the same ef-
fects or advantages is intended to be included in the tech-
nical concept of the present invention.

Claims

1. A manufacturing method for manufacturing an SOI
wafer by bonding a single crystal silicon wafer to a
transparent insulation substrate, and thereafter mak-
ing the single crystal silicon wafer to be thinned to
form an SOI layer on the transparent insulation sub-
strate, the manufacturing method characterized in
performing at least:

a step of forming an ion injection layer within the
single crystal silicon wafer, by injecting at least
one of a hydrogen ion and a rare gas ion from
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a surface of the single crystal silicon wafer;
a step of processing the ion injection surface of
the single crystal silicon wafer and/or a surface
of the transparent insulation substrate using
plasma and/or ozone;
a step of bonding the ion injection surface of the
single crystal silicon wafer to a surface of the
transparent insulation substrate, by bringing
them to close contact with each other in a room
temperature, with the processed surface(s) as
bonding surface(s);
a step of obtaining an SOI wafer, by mechani-
cally peeling the single crystal silicon wafer by
giving an impact to the ion injection layer, to form
an SOI layer on the transparent insulation sub-
strate; and
a step of performing thermal processing for flat-
tening a surface of the SOI layer, to the resulting
SOI wafer, under an atmosphere of an inert gas,
a hydrogen gas, or a mixture gas of the inert gas
and the hydrogen gas.

2. The manufacturing method as set forth in Claim 1,
characterized in performing, after the step of per-
forming thermal processing for flattening a surface
of the SOI layer:

a step of forming a thermal oxide layer on the
surface of the SOI layer by performing thermal
oxidation to the SOI wafer to which the thermal
processing has been performed; and
a step of reducing a thickness of the SOI layer
by removing the thermal oxide layer.

3. The manufacturing method as set forth in any one
of Claim 1 and Claim 2, characterized in perform-
ing, after the step of bonding and before the step of
obtaining an SOI wafer:

a step of raising a bonding strength by perform-
ing thermal processing to the bonded wafer un-
der a temperature of 100-300 degrees centi-
grade.

4. The manufacturing method as set forth in any one
of Claims 1-3, characterized in that:

a temperature used in the step of performing
thermal processing for flattening a surface of the
SOI layer is 1100-1350 degrees centigrade.

5. The manufacturing method as set forth in any one
of Claims 1-4, characterized in that:

the transparent insulation substrate is one of a
silica substrate and a sapphire (alumina) sub-
strate.

6. The manufacturing method as set forth in any one
of Claims 1-5, characterized in that:

an ion injection dose used in the step of forming
an ion injection layer is greater than
8�1016/cm2.

7. An SOI wafer manufactured according to the man-
ufacturing method as recited in any one of Claims
1-6.
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